Age at menopause has been found to be associated positively with bone mineral density, and age at menarche has been found to be associated negatively with bone mineral density. However, there have been few studies on the relations of timing of menopause and length of the reproductive period with bone mineral density. The purpose of this study was to examine the relations of timing of menopause and reproductive years (calculated as age at menopause minus age at menarche) with mineral density of the second metacarpal bone in postmenopausal Japanese women. The study population consisted of 1,035 naturally menopausal women aged 40-70 years who were screened in 1996-1997. Using computed x-ray densitometry, the authors measured bone mineral density by analyzing radiographic films of the right second metacarpal bone. Using the women with early menopause (age <49 years) as the reference group and adjusting for age, subjects with late menopause were at decreased risk for low bone mineral density (odds ratio (OR) = 0.69, 95% confidence interval (Cl) 0.49-0.97). After adjustment for additional covariates (grip strength, physical activity, body mass index, smoking, and calcium intake), the association was unchanged (OR = 0.70, 95% Cl 0.50-0.99). Postmenopausal women with more reproductive years (>40 years) were at decreased risk for low bone mineral density compared with those with fewer reproductive years, after adjustment for age (OR = 0.73, 95% Cl 0.40-1.30) and potentially confounding factors (OR = 0.76, 95% Cl 0.41-1.37); thep-value for trend was not statistically significant. In multiple linear regression analysis, early menopause and fewer reproductive years were independent predictors of low bone mineral density. In this study, postmenopausal Japanese women who had a late menopause and more reproductive years were at decreased risk for low bone mineral density, and may therefore be less prone to osteoporosis. Am J Epidemiol 1998; 148:1055-61. bone density; menopause; osteoporosis; women
Several studies have indicated a positive association of age at menopause with bone mineral density (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . However, the cutoff point between early and late menopause is not clearly established and may differ according to the population in question. Similar studies have implicated age at menarche as being negatively associated with bone mineral density (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . The associations of age at menopause and age at menarche with bone mineral density are clearly known to be due to the amount or duration of estrogen exposure: Decreased exposure to endogenous estrogen re-suits in a rapid decrease in bone mineral density in postmenopausal women (1-9, 11, 12) . However, determining the precise level of estrogen exposure incurred during a woman's menstruating years in order to properly ascertain its relation with bone mineral density is difficult, if not impossible. Furthermore, estrogen levels at any given point in time are influenced by a plethora of underlying physiologic and environmental factors. If there are any disparities in the associations of age at menarche and age at menopause with bone mineral density, they may be partly attributable to variations in study methodology. It is possible that the actual effect of these factors on bone mineral density is not independent; it may lie somewhere in the period between the two reproductive stages (age at menarche and age at menopause).
The length of a woman's reproductive period (age at menopause minus age at menarche) has been found to be associated positively with bone mineral density (2, 5, 7, (11) (12) (13) . However, there have been few studies on the relation between reproductive years and bone mineral density. Studies by Nguyen et al. (5, 7, 13, 14) found a positive association of duration of exposure to estrogen (years of menstruation and postmenopausal use of estrogen replacement therapy) with bone mineral density. Vico et al. (15) found a similar association of reproductive years with bone mineral density. Melton et al. (16) also reported a significant association of bone mineral density with duration from menarche to menopause.
This study sought to examine the relations of timing of menopause (early or late) and length of the reproductive period (i.e., number of years of endogenous estrogen exposure) with mineral density of the second metacarpal bone in postmenopausal Japanese women.
MATERIALS AND METHODS

Subjects
The Osteoporosis Screening Program is a populationbased study undertaken to investigate potential risk factors for osteoporosis in Ibaraki Prefecture, Japan, which is located about 50 km northeast of Tokyo. This cross-sectional study was conducted from September 1996 to March 1997. The initial study population consisted of 1,168 postmenopausal Japanese women aged 40-70 years living in the jurisdiction of 14 prefectural community health centers. The final study group (n -1,035) included only women with no reported history of any medical condition or medication known to influence bone metabolism. Exclusion criteria for the final study population were: renal disease, insulin-dependent diabetes mellitus, liver disease, rheumatoid arthritis, malignancy, or any chronic disease that might affect the skeleton; abnormalities of the parathyroid, thyroid, and adrenal glands; surgical conditions such as partial or total gastrectomy and hysterectomy with or without oophorectomy; longterm immobilization; a history of amenorrhea or alcoholism; and prior use of estrogen replacement therapy, corticosteroids, diuretics, cytotoxic drugs, anabolic steroids, bisphosphonates, calcitonin, or vitamin D. Subjects who reported suspension of menstruation for at least 1 year prior to the study, without any medical reason, were classified as naturally menopausal. Those who indicated suspension of menstruation due to hysterectomy, with or without oophorectomy, were considered surgically menopausal (n = 133) and were therefore excluded from the final study group. All subjects voluntarily signed up for osteoporosis screening at one of 14 community health centers in the prefecture. All of the women were clearly informed about the screening process. Written informed consent was obtained from all subjects participating in the study.
Data collection
A self-administered questionnaire was used to collect information about lifestyle, past and present health conditions, previous and current physical activities, dietary calcium intake (mg/day), and reproductive history. Frequency (times/week), duration (hours/week), and type of regular leisure physical activity were estimated retrospectively for the past year (i.e., activities initiated and performed 1 year prior to this study) and for the years from junior high school through senior high school (i.e., ages 13-18 years). Each type of activity was assigned an intensity code (in metabolic equivalents), and energy expenditures (in kilocalories) were calculated on the basis of tables prepared by the Health and Welfare Ministry of Japan (17) . Subjects who reported engaging in any regular physical activity were divided into two groups (1-1,000 kcal/week and 1,000 kcal/week) based on median energy expenditure per week. Subjects who reported no regular physical activity were categorized as having no regular physical activity (0 kcal/week). Physical activity level was further analyzed as a continuous variable.
Whenever questionnaire responses were incomplete, subjects were interviewed by trained research assistants or public health nurses for collection of further information. At all times, a member of the study team was present to review questionnaires for completeness and to clarify items in response to any questions raised by participants. We specifically included questions on age, height, body weight, ages at menarche and menopause, number of pregnancies, number of births, past and current physical activities, and breastfeeding practices (breast milk, instant milk, or both).
Grip strength in both hands was measured with a hand-held squeeze dynamometer (DM-100N; Yagami Ltd., Tokyo, Japan). Three grip strength measurements were made for each hand, and the mean of the three measurements was recorded. For the final analysis, only the grip strength of the dominant hand was used. The coefficient of variation for repeated grip strength measurements is within the range of 2.0-4.5 percent for both children and adults.
Densitometry
Using computed x-ray densitometry, we measured bone mineral density (gray scale diameter) in millimeters of aluminum (18) by analyzing radiographic films (RX-Regular type; Fujifilm, Tokyo, Japan) of the right second metacarpal bone with a Bonalyzer (Teijin Ltd., Tokyo, Japan). On the basis of results from previous studies carried out by the Japanese Ministry of Health and Welfare (19, 20) , subjects with bone mineral densities below 2.3 mm of aluminum were considered potentially osteoporotic. Two densitometers bought from the same manufacturer (Teijin Ltd.) were used at all of the screening facilities. Reliable calibration and stability for both densitometers were ensured by daily phantom measurements. The coefficients of variation for repeated measures (the same technician examined the same radiographic film phantom six times) and daily measures (the same technician examined the same radiographic film phantom for 9 days) were 0.70 percent and 1.45 percent, respectively. The interassessor (two technicians) reliability was 1.04 percent (coefficient of variation). For assessment of in vivo reliability, 15 normal subjects were analyzed; the in vivo precision was 1.31 percent (coefficient of variation). All measurements were made by two trained technicians assisted by three public health nurses. Detailed descriptions of the densitometry methods can be found elsewhere (21) (22) (23) .
Statistical analysis
Women's average age at menopause (49.12 years) was used to divide these women into early and late menopause groups, and comparisons were unadjusted, with t tests and chi-squared analyses being used for continuous and categorical variables, respectively (2). Categories of reproductive years (<30, 30-39, and >40 years) were derived around the mean value for the study population (34.50 years (standard deviation (SD) 4.53)) and were compared unadjusted, with analysis of variance for continuous variables and chisquared analysis for categorical variables (2). To assess the associations of reproductive years and timing of menopause with bone mineral density, we calculated odds ratios and 95 percent confidence intervals using conditional logistic regression. All analyses were performed with SAS software (24) . Table 1 shows data distributions for categorical variables in all 1,035 postmenopausal women, by category of bone mineral density. Women in the highest age quartile were more frequently in the lower category of bone mineral density (<2.3 mm of aluminum), while those in the lowest age quartile were more frequently in the higher bone density category (2:2.3 mm of aluminum). There were only two women in the high bone mineral density category who had ever used oral contraceptives. In terms of breastfeeding practices, women who reported giving both breast milk and instant milk were more likely to be in the higher bone mineral density category, followed by those who reported giving only breast milk. Subjects with moderate levels of calcium intake were also more frequently in the high bone density category than those with either a low or high intake of calcium.
RESULTS
The mean age of the 1,035 postmenopausal women was 60.47 years (SD 6.14) (table 2). Mean age at menopause and mean age at menarche for all women were 49.61 years (SD 3.61) and 15.15 years (SD 2.62), respectively. Generally, there were no significant statistical differences between the mean values of continuous variables. None of the women studied reported using estrogen replacement therapy. Reproductive periods ranged from 13 years to 49 years, with a mean of 34.50 years (SD 4.53). Table 3 shows the covariates and bone mineral densities by timing of menopause and length of the reproductive period. Women in the early menopause group had a mean age at menopause of 44.43 years as compared with 51.09 years for those in the late menopause group (t = -39.29; p < 0.0001). There were no significant differences in body mass index (weight (kg)/height (m)
2 ) between women with early and late menopause. In terms of height, weight, age at menarche, breastfeeding, number of pregnancies, and number of births, women in the early menopause group did not differ significantly from those in the late menopause group. However, women with late menopause were slightly older than those with early menopause (t = -4.48; p < 0.0001). Women with early menopause were more likely to have ever smoked. Women in the three categories of reproductive years differed significantly by age at menarche and age at menopause. Women in the category of 30-39 reproductive years were more likely to have ever smoked. There were no significant differences in breastfeeding with respect to the three reproductive year categories.
Using women with early menopause as the reference group (table 4) , subjects with late menopause were at decreased risk for low bone mineral density (odds ratio (OR) = 0.69, 95 percent confidence interval (CI) 0.49-0.97). The association remained unchanged (OR = 0.70, 95 percent CI 0.50-0.99) after adjustment for covariates (grip strength, physical activity, body mass index, smoking, and calcium intake). Among all of the reproductive year categories, subjects with ^40 reproductive years had the lowest risk for low bone mineral density (OR = 0.73, 95 percent CI 0.40-1.30). After adjustment for covariates (grip strength, physical activity, body mass index, smoking, and calcium intake), the risk varied slightly (OR = 0.76, 95 percent CI 0.41-1.37) but still remained the lowest of all three reproductive year categories; however, the trend was not statistically significant. The women with <30 reproductive years were used as the reference group. sis for the associations of age at menopause and reproductive years with metacarpal bone mineral density. When age at menopause was examined as a continuous variable in the model together with the covariates (age, grip strength, body mass index, physical activity, calcium intake, and smoking), early menopause remained a significant independent predictor of low bone mineral density. Similarly, when reproductive years was included in the model with the covariates and analyzed as a continuous variable, reproductive years was significantly associated positively with bone mineral density. The proportions of variance explained by age at menopause and reproductive years for all women were 1.98 percent and 1.56 percent, respectively (table 5) . However, when the multiple regression analysis was restricted to naturally menopausal women with a history of breastfeeding, the proportions of variance explained by age t Odds ratios were determined using conditional logistic regression analysis.
% Adjusted for age. § Adjusted for grip strength, physical activity, body mass index, smoking, and calcium intake.
H Cl, confidence interval. at menopause and reproductive years were 3.67 percent and 3.21 percent, respectively. Among women who had never breastfed, the proportions of variance explained by age at menopause and reproductive years were 0.77 percent and 0.67 percent, respectively, but were not statistically significant (data not shown).
DISCUSSION
This study investigated the relations of timing of menopause and number of reproductive years (i.e., duration of endogenous estrogen exposure) with metacarpal index bone mineral density in postmenopausal Japanese women. Generally, there are few studies on the association of menopause and reproductive years with bone mineral density. Furthermore, postmenopausal Japanese women have been less studied with respect to bone mineral density. Increased endogenous estrogen concentrations result in increased bone mineral density in older women. Menopausal loss of ovarian estrogen is known to be associated with a rapid decrease in bone mineral density, leading eventually to increased fracture risk (1, 25) . In addition, during pregnancy and lactation there is increased loss of calcium and inorganic phosphates from the mother's body (1) . However, the increased exposure to estrogen and progesterone, enhanced absorption of calcium in the intestines, renal calcium conservation, and the increased weight-bearing due to pregnancy would act to conserve such losses in healthy pregnant women. Therefore, it is probable that a greater number of reproductive years or a late menopause also means increased exposure to endogenous estrogen and increased protection from calcium loss, which in turn results in increased bone mineral density.
In this study, we observed that a longer reproductive period (i.e., duration of endogenous estrogen exposure) and late menopause were positively associated with bone mineral density. However, the trend was not statistically significant for reproductive years (table 4) . Timing of menopause, on the other hand, was statistically significant. This observation is shared by several other published studies (5, 9, (12) (13) (14) (15) 25) . Thus, it appears that increased exposure to estrogen up through natural menopause has a protective effect on bone mineral density, and hence reduces the incidence of fracture in postmenopausal women. Under normal physiologic conditions, increased endogenous estrogen levels also result in improved blood flow to muscles and bones. This in turn results in decreased bone turnover and increased bone mineral density. This may explain why women with above-average body weights and higher available estrogen levels tend to have higher bone mineral densities (25, 26) .
The associations of reproductive years and timing of menopause with bone mineral density suggest that, in addition to menopause, the length or duration of menstrual life is an important factor that should be considered in explaining variations in the current bone mineral densities of postmenopausal women. Menopause is the point at which protection against decreased bone mass wanes due to decreased levels of endogenous estrogens. The duration of endogenous estrogen exposure, as denoted by reproductive years in this study, may underlie the variations in the intensity of decreased bone mineral densities in the postmenopausal years (14, 15, 25, 26) . However, further studies may be needed to improve statistical significance in terms of risk analyses.
Our results and those of other studies (14, 15, 25, 26) suggest that separate consideration of age at menarche and age at menopause may inappropriately assess a woman's potential risk for low bone mineral density in only one dimension. Our study found that the length of the reproductive period was more predictive of a woman's bone mineral density than was age at menarche alone. Similar to observations made by Kritz-Silverstein et al. (2) , reproductive years explained only a small proportion of the variation in bone mineral density; however, this variable was superior to age at menarche alone and only slightly lower than age at menopause alone in predicting bone mineral density (table 5) .
In this study, the contributions of age at menopause and reproductive years to the variance in bone mineral density were much greater among women with a history of breastfeeding than among all of the women (table 5) . This observation is interesting, because it seems to be suggesting that history of breastfeeding may influence the effects of age at menopause and reproductive years on bone mineral density. Our study may have been the first to examine the relation of breastfeeding with age at menopause and reproductive years.
Although the statistical significance of this study is low in terms of magnitude, this low magnitude is not uncommon in the few published studies that have examined the relation between reproductive years and bone mineral density at various sites (2). However, our results and those of other studies on duration of endogenous estrogen exposure may help in clinically identifying women who may be at risk for low bone mineral density in the postmenopausal years.
The cross-sectional nature of this study requires caution in interpreting and generalizing the results. The study may also have been limited by the fact that reproductive years, although a reasonable approximation of endogenous estrogen exposure, may not clearly account for all of the physiologic changes that occur in the long period between menarche and menopause. There could be other approaches to determining exposure to endogenous estrogen over the span of a woman's reproductive life; however, in the absence of an effective alternative, reproductive years may be the most appropriate choice. Another potential problem is that older women may have some difficulty recalling age at menarche. In this study, follow-up interviews were carried out to clarify all discrepancies. Recall of other aspects of reproductive history, however, was quite reliable. We purposely chose not to consider data from women with surgical menopause, in order to avoid the potentially confounding effects of altered endogenous endocrine states.
In this study, postmenopausal Japanese women who had more reproductive years and a late menopause were at reduced risk for low bone mineral density, and thus may be less prone to the development of osteoporosis. Further studies are necessary to establish the use of reproductive years in selecting women who should be placed on estrogen replacement therapy, before the repercussions of decreased endogenous estrogen levels become apparent.
